ABSTRACT: Plasma protein concentrate (PPC) was added as a gelation aid material to horse mackerel surimi, and changes in the physical properties of surimi during heating and reheating in a soy sauce-based liquid seasoning; this is, stewing, were investigated. The rigidity of 2% PPC gel was lower than 2 kPa, and yet the addition of PPC increased the surimi rigidity markedly. Differential scanning calorimetry analysis showed that the existence of PPC promoted protein molecular aggregation. During the stewing process, the decrease in water content and water activity of kamaboko sections with PPC added was slower than that of kamaboko without PPC. The gradually hardened matrix resulted in a higher cutting force, cohesiveness (chewiness) and reduced deformation in stewed products.
INTRODUCTION
Surimi and surimi-based products have been gaining popularity in recent years for their protein quality, low fat content, and convenience in consumption. Walleye pollack has traditionally been the main source of surimi or surimi-based products, mainly because of their good gelation properties and cooking tolerance. Surimi prepared from horse mackerel has mostly been used for traditionally low-priced products because of its relative weak gelation, and relative undesirable color and flavor. 1, 2 Texture is a primary quality indicator of surimi products. Traditionally, the manufacture of surimi products has been accomplished by comminuting mince with salt, egg-white, and other functional ingredients. This process affects the texture of surimi gel through protein-protein or proteinwater interactions. By creating such binding, low quality muscle protein from fatty and dark-fleshed fish can be upgraded. 3 Raker and Johnson have reported that the gelation mechanism of plasma protein (PP) is similar to that of egg-white, whereby the protein network of the former is stronger than that of the latter. 4 Plasma protein concentrate (PPC) or PP flour had been applied as a gelation aid material in emulsified products because of its price and gelation properties. 5 In a previous paper, the addition of PPC prevented horse mackerel kamaboko from becoming mushy or soft during cooking. The plasma protein acted as very functional binders in surimi and formed a tougher texture in kamaboko. 6 Improving flavor has been the biggest challenge when commercializing PPC-added surimi products. Both crude PPC and horse mackerel surimi have a stinking odour. 6 Stewing in soy sauce to which sucrose and maltose have been added is a traditional culinary art for improving aroma and taste. Some seasoned surimi products that use this stewing method have been developed and results indicate that that this kind of oriental stewing might ameliorate the odor in PPC-added horse mackerel surimi. 7 The objectives of the present study were to improve the texture and color of PPC-added horse mackerel surimi. Because it is not known whether the non-muscle proteins interact directly or indirectly with myofibrillar protein during the formation of the surimi gel network, the associated reaction modulus of gelation as well as the physical characteristics of PPC-added surimi products during stewing was investigated also.
MATERIALS AND METHODS

Materials
Frozen horse mackerel 
Preparation of gel
Surimi was prepared as described in a previous paper. 2 The mince was placed in a beaker and washed with a water : mince ratio of 5 : 1. The mince was rinsed for three cycles with cold distilled water at around 5∞C, and NaCl was added to the rinsing water at the third cycle to give a final salt concentration of 0.25%. The washed mince was centrifuged at 1500 ¥g. for 1 min. To make surimi, approximately 500 g of mince was chopped in a Stephan vertical vacuum cutter (Model UM 5 Universal; Stephan Machinery Co., Hameln, Germany) with a circulating chiller to keep the specimen below 10∞C. Mince was first chopped for 1 min at 1600 r.p.m. Salt, equivalent to 2.5% of the mince's weight, was added and then chopped at 1600 r.p.m. for another 2 min under vacuum at approximately 600 mmHg. For the PPC-added surimi, PP flour equivalent to 1% or 2% of the mince's weight was hydrated in 50 mL of distilled water for 30 min and added to the mince before the second chopping so as to mix in well with the surimi. The water content of the surimi was adjusted to 80%.
The kamaboko was prepared by pressing the surimi into a polyvinylidene chloride casing measuring 10 cm in circumference and 15 cm in length, and by heating it at 85∞C for 30 min The kamaboko was then cooled immediately in cold water and kept at 4∞C overnight before the stewing tests and physical property measurements were conducted. Because stewing might make the gel harder, when considering the load limit of the instrument, 1% PPC-added surimi was used when analyzing the physical characteristics of stewed kamaboko. Kamaboko sections of 2.0 cm thickness were heated in a stewing solution (660 g of sucrose, 240 g of maltose, and 100 g of minced ginger were added to 1000 mL of soybean sauce), with a solution : kamaboko ratio of 10 : 1, at 95-100∞C for the stewing test. The stewed kamaboko was then cooled and kept at 4∞C overnight for measurement of physical characteristics.
Measurement of physical characteristics
The rigidity of surimi was measured in a thermal scanning rigidity monitor (TSRM), which was assembled as described elsewhere.
2 Briefly, the surimi was pasted evenly onto a testing cell to a height of 5 cm. The blade (adapter No. 24 of the Sun Rheometer CR-150; Sun Scientific Co., Ltd, Tokyo, Japan) was moved in 1 mm intervals within the surimi at 2 mm/min, and recorded at 2∞C intervals. The specimen was scanned at 1.5∞C/min over the range 15-90∞C. Three replicate scans were made and the surimi's rigidity was calculated according to Hamann et al. 8 and Sue et al. 9 where R is the rigidity (kPa), F is the pulling force (kgw) applied to specimen, A is the contact area (m 2 ) between the blade and the specimen, D is the moving distance (m) of the blade, T is the thickness (m) of the specimen, and L and W are the depth and width (m) of the blade in contact with the specimen.
Differential scanning calorimetry (DSC) tests were performed with a TA Instruments DSC 2010 (TA Instruments, New Castle, DE, USA). The specimen (ª 15 mg) was placed in a sealed aluminum pan and scanned at 10∞C/min over the temperature range 10-100∞C. A pan with 12 mg of distilled water was used as a reference. Temperature and enthalpy calibrations were performed with indium. Three replicate scans were made for the muscle, surimi and PPC gel, respectively. The temperature at each peak maximum was recorded as the transition temperature (T max ).
Five grams of minced specimen was dried in an oven (DCM45; Channel Co. Ltd, I-Lan, Taiwan) at 105∞C overnight. Water content was calculated after the dried specimen was cooled for 30 min in a desiccator. The water activity of the specimen was analyzed with a water activity detector
Plasma protein-added surimi (Thermoconstanter; Novasina Co. Ltd, Pfaffikon, Switzerland), of which three replicates were performed.
The cutting force of a 1 cm cube of kamaboko was determined using the aforementioned rheometer by pressing adapter No. 10 into one end of each specimen at 6 cm/min. The cutting force (kgw) and deformation (mm) were recorded and six replicates were performed.
The kamaboko was cut into cylindrical specimens measuring 2.0 cm in height. The force was measured at 0.75 cm compression of the specimen by the rheometer. Cohesiveness, which reflects chewiness, was determined as the ratio of the two bite-peak-force readings (10 s apart) and calculated as C = (A 2 /A 1 ) ¥ 100, where C is cohesiveness (%), and A 1 and A 2 are the first and second bite-peak-force readings (kgw), respectively. Six replicates were performed.
The color of the cross-sections at 0.3 cm, 0.6 cm, and 0.9 cm from one end of a specimen was measured using a color difference meter (JP7200F; Juki Co. Ltd, Tokyo, Japan). It was standardized by calibrating with a white plate (X = 82.48, Y = 84.23, Z = 99.61; L* = 93.55, a* = -0.22, b* = -0.01). Tristimulus color coordinates were used to measure the degree of lightness (L*) and redness (a*). 10 Six replicates were performed.
RESULTS AND DISCUSSION
Thermogelation of surimi to which plasma protein concentrate has been added Changes in rigidity, as measured using a TSRM, are shown in Fig. 1 . Four distinct stages, 20-40∞C, 40-54∞C, 54-64∞C, and > 64∞C, were observed in horse mackerel surimi. They were classified as softening, first heat gelation, resolution and second heat gelation stages of horse mackerel surimi gel, respectively. 6 The first, second and third breakpoints of the TSRM curves were the on-set temperature of first heat gelation (T 1 ), gel resolution (T 2 ), and second heat gelation (T 3 ), respectively.
The rigidity of PPC gel was low during TSRM, with a maximum of around 2 kPa at 55∞C. The PPCadded surimi had a high rigidity, which decreased gradually up to 70∞C and increased rapidly thereafter (Fig. 1) . This suggested that the addition of PPC increased the visco-elasticity and toughness of surimi, causing it to adhere to the blade strongly. A strong pulling force was needed when the blade was moved within the PPC-added surimi and resulted in the specimen having a high rigidity. The high rigidity of PPC-added surimi could probably be attributed to a strong mixed gel available at a
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H-H Chen lower temperature. As temperature increased, the PPC-added surimi became soft and blade movement became easier. This softening effect as temperature increased from low to high overcame the first heat gelation of surimi; however, the rigidity of PPC-added surimi at each temperature was higher than that of the sum of those in surimi and PPC gel. The excellent gelation-aid effect of PPC was obtained in a gelation system comprising a mix of PPC and surimi.
Plasma protein contains fibrinogen, serum albumin, serum globulin, and stroma proteins. Heat-induced gelation in PP involves denaturation and unfolding of the native protein and limited protein association. 11 The gel-forming temperature decreases with increased serum albumin concentration. 12 Conversely, pig plasma might prevent myosin heavy chain degradation significantly and improve the gel properties of mackerel surimi. albumin, b-globulin, g-globulin and fibrinogen-2, by their DSC thermograms. 4 However, because the denaturation profiles of proteins in PPC overlapped, it is not easy to determine the individual protein responsible for a particular peak. What is important is that the endothermic peak area around 56.4∞C increased when PPC was added to surimi (Fig. 2) , suggesting that PPC caused an increase in the actomyosin complex.
Foegeding et al. have reported that when fibrinogen is mixed with muscle proteins, the gel strength of heated gel mixed from fibrinogen and myosin is higher than the sum of those in fibrinogen and myosin. 20, 21 This gelation-aid effect reflects the gelation caused by the interaction of fibrinogen and myosin molecules with non-covalent and disulfide bindings. 21 In addition, bovine serum albumin aggregates with other proteins by disulfide bonds and forms a strong gel. 22 Because those endothermic peaks above 74∞C disappeared in the thermograms (Fig. 2) , it is postulated that PP promoted the association of myosin and actin in the formation of actomyosin complexes in horse mackerel surimi. Therefore, the PPC might be packed in a proteinous gel network and, moreover, enhances the interaction among myofibrillar protein molecules resulting in a strong construction in the horse mackerel surimi gel.
Physical characteristics of kamaboko during stewing
Kamaboko was cut into 2 cm sections and stewed. The water content and water activity of specimens decreased when stewing was extended to more than 100 min (Fig. 3) . Although water content in all of the surimi had been adjusted to 80%, the water content of PPC-added kamaboko was higher than that of kamaboko without PPC, suggesting that PPC increased the water-holding ability of protein networks in kamaboko, which resulted in less water loss during cooking of the stewed products. This was also true for water activity in PPC-added kamaboko.
The cutting force required for PPC-added kamaboko was twice that of the control kamaboko. The cutting force increased when stewing was extended over a long period of time. Nevertheless, deformation of kamaboko increased and that of PPC-added kamaboko decreased after 100 min of stewing (Fig. 4) , and the first bite-peak-force and cohesiveness increased with the stewing process (Fig. 5) ; hence, it is postulated that the kamaboko without PPC had a loose and less elastic texture, and that dehydration from stewing made the specimens firmer because more force was required Plasma protein-added surimi FISHERIES SCIENCE 193 tion effect, the addition of PPC is advantageous to the increase of rigidity in horse mackerel surimi according to TSRM analysis. A previous paper has also reported that the addition of beef plasma protein to walleye pollack surimi increases its shear stress and shear strain and makes the gel tougher. 15 In DSC analysis, thermograms showed two clearly discernible endothermic peaks at 53.0∞C and 69.5∞C for horse mackerel mince (Fig. 2) . The two T max shifted lower and a shoulder peak between them was observed for surimi. Two main endothermic peaks were suggested to be the thermal denaturation of myosin and actin. The shoulder at approximately 56.4∞C was caused by the denaturation of the actomyosin complex, reflecting the aggregation among the myofibrillar protein molecules in NaCl-added surimi. 1, [16] [17] [18] [19] When 2% PPC gel was subjected to DSC analysis, thermograms showed overlapping peaks between 56.0∞C and 93.7∞C. The PPC fractions, arranged according to their thermostability in decreasing order, have been identified as fibrinogen-1, a-globulin, lower temperatures. From the thermogelation analysis, it is inferred that the addition of PPC promotes the association of myofibrillar proteins to form the actomyosin complex and strengthens the mixed gel in horse mackerel surimi. Stewing in soy sauce to which sucrose and maltose have been added, increased the firmness, chewiness and dark red color of kamaboko, but kamaboko was more elastic when PPC was added than without.
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to cut through them. The elastic gel of PPC-added kamaboko became harder and firmer, and was easier to cut after stewing; however, during stewing, PPC-added kamaboko deformed more easily compared with the control kamaboko, indicating that the former was still more elastic than the latter.
In contrast to the rapid decrease in the degree of lightness and increase in redness on the kamaboko surface, changes that occurred in the interior part of the kamaboko during stewing were slow and not as drastic (Fig. 6a) . The lightness (L*) of both the surface and interior of kamaboko before stewing was around 71, and a* was located from -1.6 to -1.9 (Fig. 6a1,a2) . The L* value of the kamaboko surface decreased rapidly during stewing and reached 22 after 100 min; however, L* in the central part (the cross-section surface 0.9 cm from the kamaboko end) remained above 56 (Fig. 6b1-f1) . The kamaboko surface was dyed dark red by the soy sauce and a* rose rapidly and reached 8.6 after 20 min. The degree of a* at the central crosssection surface remained low, ranging from 1.3 to 2.0 (Fig. 6b2-f2) , suggesting that the protein network of heated kamaboko hindered the osmosis and diffusion of pigment causing a difference in color between the surface and interior parts of the kamaboko, with or without PPC.
CONCLUSIONS
Plasma protein concentrate proved to be a good gelation aid when it was added to horse mackerel surimi. The PPC-added surimi formed a strong structure and showed a relative high rigidity at 
